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TITLE OF THE INVENTION 
Imaging Apparatus 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the benefit of priority 
from the prior Japanese Patent Applications No. 2000-183310, filed 
June 19, 2000, No. 2000-188030, filed June 22, 2000, and No. 2000- 
188031, filed June 22, 2000, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 Field of the Invention 

■^fc. C C D^t^S^^^dmage Pickup Device)^fflV^ 

^ciS^^g(^#.t3. <9 . #t^®^(pixel)(7)SP#{^ i iS;^ (sensitivity) <7)f^ 
± ^ la o fc^iit^tt (c: Mi- 5 o 

2 Description of the Related Art 

CC r>m(Dm^M^\^X.K)m'^W-<D^±m^{sti\\ pictures or 
image)^ti^ UTI^^^t # t^l^mi" 5 #^^ff A/fd ^ V^ ^ „ 

. tk'&mTY ^ "7 . ^V^^i. V^;b^^^X||ffi;^; p< 7 (I TV) "Cti. T 

^'i^-^m^^pLi -^iiii t^^\^x^(Dmmm'&^^mw&'^— V (7 = 0. 

4 5) SU«!J -T#tt^^^- K (7 = 1) (^V^-f ;h.;6^-o(;i^^i-:5 r 

) ^^ib(Dmm\^mB \.x . xtiy^ tiatiy t(Dmw^:^^^xi&m^m.ufc^ 
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^Ky = a X X' + h (a, h t ^J: ^ X ^ ^Ji^^X' h 6 o =SfeoT 

5 7 = 0. 4 5 (t. Sfei^i^^bMt5tl2P:;^^Ojii:-Cfo "9 . B^ii^OPWl^^^tt 

15 Cic^ J: 5 ^c?®^^ii^3g«(7)i^. #jh®{t(still 

v^^5'/i';^p< "7 (D^l^ t:°— K) ^:?i^?fe(D^ft : ITE Technical Report 



- 3 - 



Vol.20,No.58,PP.85~90.CE'96-25(Nov.l996)j -b^-h^o ^(D^^^f^^ 

o 

ts:is. r T i S O^^J ^ i" -5 <b V ^ ;^ 6 <i: 5 J^)^ 

-e o X t n±mm^'mm.x o t t> . is^m^^ <^ ^^-r ^mmmmi 

(dM%. 2®^^7K¥;^ip] 2®^(^'g^f+4iij^(^{t-^^ 
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:)omz.\tm-r^^tm^hi\.^ Amm-hwW-\^-h^x\-t. sn2{^ 

dB) ±mnx% ^(D^x^^. ti^oT, mw. ip-^^ y -r Xl^^/l-^i^ 

20 \.XA.mM1m%\^f'm^.\m^)^^:^S\-tl/Ay.A = lB. y^rxNfi. 
1 x/'4 = 2 f^i 19 S Nfi 6 d B^Mk UT 5 o 

SP-^^ ^p^;6S||;fT$t^6mmTfc57k¥fea^i^^v^«S^^^fctl;'3 
25 T v:/(Z)*;/^tti;b ^-</i-tc^JPI;65;:^VN 1 / 2 ®^»(^ 4 M^JP 

1 / 2 X 4 = 2 ip^. 2\^(Dn\tin.s.-^'^K)^ 
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fzi^^Zit. A/DtDS^AT-fbl/^/^ (Dmax) it. 5|5 2 ^ ^ 
15 ^i^fe-So 

BRIEF SUMMARY OF THE INVENTION 

m 2 (D|5tP^W-r6'^m#S^> .SlU^ 
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^-cfi. mi(D^m^mL. m2^m'^- v<Dt^MX'n. m2<D^m^^ 

u ^ IB§ — ^ u -< /V o H M X ^ i: . 
ffJtSit^xaT'CO — K(75it^t-ti^o-Clufa^^xmt-ibMt'5;^y 

Sxa^. 

Hi m-r 5 M ^?f^ xm <!: . 
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t^hmi^-^^^^'^w-^u^'r^u^:>jm^^\'^x. 

mxm\i^^mn\^xwwi<Dumnmm.^m^^^^. y.\t^'i^-^\i^tim\x 
25 ^ihtimmt-^izmm-t^^^^^xh^x. mmmtimmB-^i-i. m 

/cm 2 <D|5gp^^L. ^3 15^1^^- KO^t^T-fi. m3PtP#'l4*^tC J; 
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(1) ^■\^^'^(D^mMn. ^m^Wi:^i^<DAtim(Dm\^^^'x. mi^m 

u^/]^<D 1 8 ~ 2 0 %\zMit-t^ ^ 0 d^^^tb/cbo-cfcs 

o 

20 tti;:': iz-^/Vfil^l C i: . (7) n ^ ^-O' b #ifit-SI bT«. |5^li#'l4 

■^fc. ^ n jX/K-r Y fi. Xtiy J^^^ — ^^(^ 1 8 ~ 2 0 % (±1/3 
EV) n^^^^.h-t^o z.(om.\-t. ^■^•W-^^^'ycnn^^'^^M'&X^'O . 
g ;^ {;i ^ j;^: i- 5 pj i4 ^ CD ^ 1^ ¥ U > (D M ^ "1^ <^ 
25 T5.X-h^^}it^h. ft^<7)®tR^ ^-tt^^^^-froo l/V 
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^ 1- K ^ # ^ T o T tu IS ;(JP ^ ^ [±1 L J P ^ m J - o T ft ^ » >f b 1/ /I- 

10 -A^hmi^^^ti^mm'mm 

:i:lx\ :^^m(Dmt. ^\^^mMmmi: i.xi'i^i^(Di,(D-A^mif ^n^o 
(1) mi^m^\^M-r^m^m^mis^-r^mmmm^^^^L-. *^^t:i/ 

15 mytm(Dumim^M}t^\^xm^i[im^i^^y^^'^Mn^i-^ X o 

(4) iiitm^ti. C CDii^^d^-Cfe^ r <bc 
'^iS^-r^ r ^ J: 0 . -ft -^*P^lC#oTA/DA;^ffl/E:ei5A/D(734^ 
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Additional objects and advantages of the invention will be set 
forth in the description which follows, and in part will be obvious from 
5 the description, or may be learned by practice of the invention. The 
objects and advantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations particularly 
pointed out hereinafter. 

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated in and 
constitute a part of the specification, illustrate presently preferred 
embodiments of the invention, and together with the general 
description given above and the detailed description of the preferred 

15 embodiments given below, serve to explain the principles of the 
invention. 

"C -5 o 

^' ^ 7 -e 5 o 
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5 DETAILED DESCRIPTION OF THE INVENTION 

10 1 ^mW]-t^ti^(Du:yxmmmmx-h . ckt) 

t« 1 0 2 J:oTjft^i^>'X^ 1 0 1 tmW)^t\^X^'^m^m.B\^iy:^^ 
1 0 1;^^^;^- — ;57;^$tL§o ^^fls:;^. . i/>X^ 10 1^ 
i?M.T^t±i$iJ|^m« 1 0 3 \^^-^n^WL^ ^in^bTCCD 10 5 [6] ?3 

15 Kt±i$ij^^^^ 1 0 3 ^ >9 (stop);a5|iS $n-c r c^,^ "9 ^iiii 

^^°;^.S.t>'#^;^ :y hffl(^:7 ^ /i-iJ'^ 1 0 OISlXI?*- tt 'y^ y ^ \ Q A ^iiiii 
UT C C D;^ 7— Jif^^d^CCCD color pickup unit) 10 5 (c:Alt$iX> C 
(DC CD;?7 ^— iS^^^=- 1 0 5 (D it ^® (imaging arrays) ±(^1^^^ ft 
20 ?f^^$tL^o ii^m^^lOSfi. C CD K^-r^^ 1 0 6 {:iJ;oTii*tl$tT. 
. Ji^[ia(imaging arrays)_t(D|S^I*:^(i. ®^{t ^t-^^ $ - <D 

—jvry-f\ 0 7 A^t^'lS(l>s$nfcll^^m-^^■7'v^i5'^^llJ^^t^^'^^i- 
X v^^J'/^^S^tr 9fci6t75T'i/i5'y^^a-fe>?>lH]3§l 0 8 -tr^S^tl^ — 
K^^^iJ'-^ai — ;=<.l 0 9^^^^UTCF^(7)7<^!;;* — Kl 1 0('*&lrt$ 
tl6o t-fc. 7='v=i5'/^7'n-fe;5(.lHlS§ 1 0 8 ;6^bC0®^{t-^{-S<5V^-r L C 
DS-^^^^^l 1 1 T'^(Dili^;65^^$n6o 
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)i)(D'y7.^ J^^^y Vxj — =7 (CPU) . ^^-^ 1 1 3 (i. P^IS^tt, IP*>, 

(hard)^- K^^^-r^^— K^^S W 1 1 3 A ^"a tf ^® S W/i^ 6 
5 ^'f'^^-r 114{i. v^v^^/l';^;^ ^<Di^<^^^^t5^- Kt>ttl# 

^^^l-^fcJ^cD^^^^^^, 1 1 5 (iUVXiEIi]^^ 1 0 2^^iJ^i-5 

. 1 1 7 (1. S{li$lJ^1t1t 1 0 S RXjy^ h n jj^' 1 1 6 ^ $lj -f 6 (7) S 

.0 y (EEPROM) ?r^LTV>^„ 

2ft. mtaMmmmi 0 3i:ccDK^-r^^i o eizx^ccDm^^^ 

15 ^F- 1 0 5 /J)>^(Diij^{t-^coi!;^mt>|5]1t{:ii/^7^i^:^ hn-^1 1 2tc 
10 8 {;i®^'ft-^>6^Si iZi:^ ^ ^t-. =3 ^/bn-^ii2 

— ;^ 1 0 9 ^iTM^-r^ ^ y ;^7— K 1 1 0 t:i|B^^tu-5o ''c^*^. CCD^^ 

HI 1 l;i^^n6T'v^i5'/^7°c2-fe;5^[n]{f§ 1 0 8 (dfi. m — (Dm^iB 

10 8 A;65Klt ^t^TV^-5o ^ft^-T ^ 1 1 3 1^(7:)^- K^^S W 1 1 
25 3 A-e|5gii#'l4, gpib. y <^ > ^ (DlS^ $ ttfc ^ - K 

Ptilti^W-^^ei^ A =1 >ha— 91 1 2 r <7)->>^-r a 3 

— ^112 ^iSr'v^^/^^ci-fe^lHlSg 10 8 (7)|5^ii^^$|5 1 0 8 A{^ 



±^\Bi^l 0 7 (D^^ V h n —/UT 0 7 AX' ^4 >':d^tm'^^tl 

v-Ti^T^Ari^- h o-^ 1 1 2 ;0^^>^l±l$iJ^® K^-r/< 117 {Cit^^n/cP^ 
pcDtf ® ai$lJ^^f K 7 -Y 1 1 7 J; 51iR LfcPWP4$'l4(:i 

TJ^Sai g^it^^-f-i^'"^ ^-efc^o r (DEI 2(Di/^:7{c4t5i^T{i. IftPJ^ 

hx-^^^^L. El 2 cfJO^I^fi. ^i^^- Kop^li (7 = Q-: 4 5) 

-Ti^^^-efeSo ^ce*5. El 1 (ci^^ns-r v^^/v-;^^ ^-trfi.^— KiS^ 
yf- 1 1 3 A-TrT^":^:^/^ b (D ^m'^i ^^hi^(D 2 ocD^— K (y = 0 

^2p^-K (7=0. 4 5) fi. y'i^^ Ji-^ ^ y(7)mmm^ 

trfeS JEIDA DCF^*&(^tg^i|#'l4 : y = 1.099 X x 0-45- o.099 T' -5 
„ (fcfcL. x=A;^/ 2 5 5, y =iiitiy 2 5 SXh'O . CKT^^fi. x 
^0.018 t^ii^ffi^tL. x<0.018 ^c:ioV^-C{i y =4.5X X ^ 
) ^/c. 7 = 0. vn. y = x0.7 (Dii#'|4:S.t/7 = 1 y = xcD#'t4{^ 



-15- 



m vy^y<i 1 7 Lxma^Winm i o s h^^^^^i i e 
m2\z^irxo\c. mm (y = o. 4 5) (Dm^commmm^^ h 4 

20 ffl(Z);^^psitns<DSt^*i bT 1 8 %t)mm^rix\^^^o 

mcDWrn.^ 4 % t^^bfc:^m6^^.'^>M2 0 bfcl;^;6>^v^,15§m^ 
25 ^ 5 o 

(frnft ^mtimm m^mm) i ^m^^^^jiyttati^m (^^^ 
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5 ^mm^m<^^i^^^^^xitm^Atim m^w^i^tmm^) (Dm (±15 is 
-2 0%) ^mmt-r-<^vh^tK ^ti^^hBM(Dmm^i^\zm'o^:t 

mmi^MVXmf^± 1/3 E VcDfaH (gpib 1 8 % - 1 / 3 E V = 1 4 . 
3%Ji>L±, 20%+l/3EV=25. 2 %i^T) SK^jiS^ T'«;$: 

15 ^m'mm^mmmmmti.x^<um^tix\,^^mmx^^o ^^ jt^t^fc 

fe#t-t*P;tn(^, ^hKmm7!)^±0. lEVWT-efcn(i\ 

tc^fi^; UT^n^'tLc^'fit 7 1 , 1 0 4izm'0^K.htl^o W^b. y = 0. 
25 7 {^OVN-CO g s it. (105/255) = (s/255) 0-7 (7)M 

t \^X 7 It^^ji^i^'O . 7 = l}C0V^Tft, y = xXh?):^^h. t±l;^>^^S{fi 



x^tn^rixmrf^ti^^y^-y iz/^ j^\^^i-f 

^^-Y 1 1 3 Ate J: o-r^T^ce^HT^D >9 . ^ <Di^^^ tifcW^^^ y ^ ~ 

-Cfi^fef-SiP^ bfcm 2 {^jb^tt 6t^^7 (=0. 4 5 ) ;5S^V^^)tl.^ tcD 

i.=i>'bn — ^1 1 2 ft, ±tS7< ^ y f::*&tt$tLfc 7 ^ — 

^ as L . yzf S 2\:l^\-^ ^ V ^ X y = y Kt>'n'&^f\.f\.\t. y- 

T y-fS 5 f:i joV^T7=' v^iJ'/l'l/n -fe^[H]!E§ 1 0 8 (^P^Ii^^lHi 1 0 8 (D^ 
^itttt^, 7 AtdjPl-J^^ bfcJ|#14 (g] 2 fdibMt S 7 = 1 ^^^tt) {-^^i-'So 
5/7^3 2 ClioVN-C 7 = 7 A;6S^j^|J^$tL^^V^:»'^{i, ^<7);^x :y 3 

{C*DftS^:ni o/i^tJ-y = y B ^ ^ tbtb {i\ 7^ 7^ S 6 {C jo V ^ TT 7=" 
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^ 10 8 f^m^^t^ 10 8 A(Dm^<^^^. y B i^MJt^ L 

fc^tt (la 2 V = 0 . 7(Di|#tt) t;ii^^-r^o ;==>7" 5/7°s 3 

ir;^[H]lf§ 1 0 8 cDPiP^m^ 10 8 A£D^m#'l4^> 7 C L fc^i^ 

5 7#tt (H 2 (cjott^ 7 = 0 . 4 5co4#tt) ic^^i-^o UTVN-r;tx(^ 

^ ^) Km<^ S^^iS^ 1 0 4 i:i^^i-5o y^T y:^s 1 2\^i^ 

V^T y = 1 ;i>¥lJ^$tl.>'ceV^:^'^^i, ^(T^^T^ 5^ 7" S 1 3 tt S ^ 3. 5^ 
T'7=0. 7 ;a^flj^$nixfi\ 5^ 1 6 ^:::^i5V^T (A;':7='v'i5'^l^^fi 

m\^(D^m\U^ 7 1 tc:ffi:^-t-5o >y:/s 1 3 ^vl^oV^T y = 
15 0. 7 t^'m'^^n^i\^^'^\-i.s 5':7"s 1 4 {c43V^-c (A;^x v^^ /i-iiS 

n— /i-T :/^10 7A§rffiV^T. y - T ^ d *5 ^ lU S& -Jt'V ^^"SJ^i"^ 

25 ;tiT='v^^5'y^'[ii: 1 0 4 , 7 1, AQ<D\^^M^-b^ ( g ^ffi b T ) ^ ^ $ ti. 
Sir. |lll^C^$i^5v^;^■7"i^=^^h^ — ^112 {^^^ $ ^fc A;tJ-x 

^ ;\^m.^mm^w.t \^xm\i^um^mn-r^ x o\^m\i^um k^-y^^ i i 

7 ^"^y V-r^^hbf^^. i/;^7"i^::^^hn-7ll2«, ±52]! 

>9 7='v'^5'/^:7'n-fe;5!.lE]5Sl 0 8 (D^m^^U 10 8A(CMbT-=e — K 
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D 1 0 5 triij^ $ tL6o Z.(DC CD 1 0 b i3^^(Dm^\t^\-t. T^y^n-lr 
10 7 ^mf^'^'fV'^jV^u±y^m^ 10 8 c7)pg|i^^gB 1 0 8 A 

10 L C D 1 1 1 {C#t|^$;j^-C L C D 1 1 1 iC^^^tL'So 
15 P!^[Hl8g 1 0 8 /i^p^m;^ ^tL^o 

:ffi^-^Bitimxn ^ ^ t-h-^mxh^o :L(Dm^. tii:fjm^(Dpmr^mn 

20 fc^o 

mm (y = 0. 4 5) . ^iSJ^ti. 7 = 0. 7 (knee#t 
25 ) , -,^.mU\-ty = \ (knee'f^-t) (Dm't(D^'7y^^\.X\^^^o HE 

{^mn \.fcmmmmtw\m\^. z.<D:L(D%mmmK^.^fJ^j\-t> ^yx 

fi. K^^;^-r ^ 1 1 3 A{c:JoV^T. -r'^^/i-hc^ r:^2ij ^i^f^te 
(D2o(7)^— K (7 = 0. 7, 7 = 1) (7)V^-f ti./6^(c51tR6^(c-yD#T C tl 
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(Dmmm^Vh^ JEIDA DCFm^(Dmmm\^ : y =1.099 X X 0.45- 
0.099 T'fe 60 (fcfcL. x=A;t)/2 5 5. y = Witl / 2 5 5 V h ^ . 
±f5^«x ^0.018 IC^ffi^n. x<0.018 f;i*5V^T(iy =4.5X X 
5 >ffi$n^o ) 

tB;^M^^f-^(-'^^-t- 5 #-14^111 1 f^^^tbSPgii^m^ 10 8 Aiz^x. 

TVN^o ^ 5 Ivl;^ y ^t4-e«. y = l, 0. 7 RXJ^ 0 . 4 5 <D 

y = 2. 2609XX 
15 y = 1 . 3 5 2 5 X X 0-7 

^i^trfe-S y >0.75 iiHtim.y' ^ 1 9 2U±) {coVNTfi. V^:b^^ 
20 Sknee (^-) ft#'l4^-^ X. "C . (IP ■^^M.'^^^^ifi<^^:l|!c) 

tx^^m^mi^-t^ X ^ izmi^^T.^\^x\,^^o 
25 h'^m^m^x-hmmi-imt>h-r. mmm'^mmM.7!}^i o 4i,z.mi^^ 

tU^J^aifis v-;?^7"A=' >- h 1 1 2 J;oTKl±i$iJ^ K^-T^"^ 1 1 7 
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10 ^M.'^ttH- 3 ^cD 3,-^;0S-^-^^cifi^bTV^;^^«^ ±IE r — 

m\^M^± 1 y 3 Kv (D^m (^m%^^x. - 20. 6%. + 26. 0 

%) t'^mmkfj:'om^o (*>SV^{i±0. 1 E Vi^AT-Cfen^'^ bt-M* 
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^^ti^^ti mm^i^mytmi mm^i^m^i^^^i-i t\.x:^piy(D^ 
imm^) KM\^xm7jk-r^:iti,z.x^x. mm^nm^ipmwmta 

/^<, M,—\f^—:^?iyizm'mi-^^t-h'^mx^^o ^(om. :^mm(Dm 
±.i^^\.timmm\z.^\^^xm 2^xy-m 3 \zfT^ir xtjf ^ < -t 

20 ^^i^lJQWUfS^— VXm H^^^tl^ C Cr> 1 0 5 (D^lSSS:fR]Ji LT c 
CD 1 0 5^^(b(Dmmim^(Dtiitl^i^^ <-i-^Ztt^X^ 

t :l^x—i^. ccr>u\&m^i o 5t^h(D{m^^mm-r^\^m\^x. 

25 mm\zn\^x r;(]p^is,^^— Kj bTiSffii-ix{±\ El 1 ^ tb/c C D 

10 5 (Dm^ii^\^Ai^f\^^:i t-h^hs m2Rxim 3 tc^-rA;^^''-^^?'/^^ 

o 
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(llit;i^^ti6CCDi0 5tt. Hie (c^i- J: p h y ;^iae^ 

nfc^;^ h K 2 0 1 , ^i^;$:(75Sii:c C D 2 0 2 , i:$:(7)7k¥C 

5 CD 2 0 3, RXJPtatlTl^Zf 2 0 4^^hmf&^tlti-Oi^-y ^ (IT 
) (Jili^^S) IE»]::^xtc7) tcD^gg^ LTV^5 

^^-Sfdi^JtD^gM— fi-y->':/y ^'i/IUSg (correlated double sampling 

circuit) (CDSIUSS) 3 0 1 id A;^ $ S o ^ (^ti M— fii^ :/:7' y >- 

HISS (correlated double sampling circuit) (CDSIH^) 3 0 1tCljoV>-C 

. mmm^-^^h}) hm^^t^m^^nxoB ^ ^ i^ym^ (obclp 

15 SSg) 3 0 2 tc:A;':J$tb5o O B ^ ^ VT'UliJg (OBCLPHISS) 302 
(c:joV^T. O B (optical black) Mig/i^^O ( O B S^P U^/V) ?rS2p 
— ^ ^^7"$ tL5o O B ^ ^T'ESS (OBCLPIh15§ 
) 3 0 2 7b^hiiitj^ri^mi^m-^i-i. A/'D=tl^y<-^ 3 0 3\ZAtl^tl 
5.0 ^UT. r (D A/D ^ 3 0 3 ^C*3V^-C. S^'ft-i-fi. CCD 

rr-C'. A/D 3 0 3 ft/hA;'^ i/-</^ (A;'3 0£it) 

--fiycDSmrnHV r e f Z f::^ L < 0 Vi:\ ft±A;ti i/-<^i- (ip-t>*;'c» 
^^'^t: U^/l-) ;5S+{^ij(^g?p^jEV r e f P L< . :i(D^mUJ±V t e 
25 f P ^"5J^T*# 5o A/^D 3 3 0 3 r (DS^P^IEV r e f 

V r e f P^5 2{^<b ^ , ft;^*:^<t:i/-</v« 2{t^ T^^e^o 

tl U-<;\^tWmm&Y re f Pf^. ^LV^i^s^fi^< . SfpmiiV r e f 
P^^;t5rir{cj;i9. Si^ftd^-fb i--</v^'5Ii^-r 6 ^ t /5> t ^ J; 5 
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5 M%m.^=^—YX'\-t. iX^'^T" V h n — ^ 1 1 2 fi, CCDK^ 

-r/< 1 0 6 ^ ^(Dm%U^^~ Kt->?l-/^;-r 5iE«];^^t-^^L. CCD K 
y 1 0 6 ft. C C D 1 0 5 \Z.n bT^C7)^^|^-e1g^(D®^^t-^^;fJD 
^^■ii:T<t-^^;9^tlib-r^ J: 5 {-:ic7)CCD 1 0 6 ^iE»]-r^o IP-^x 

10 5 V C C D,!!*]^-^"/!-^ ^m;^-f So =irf$:^t-ft> n = 2^L, mW.yf\^(D 

(2) 7K2p|s^}-|^l_,X. miljm;?JD#ilH»J}-J;o-C. 7i<5p:tei2lSE§(7)t±l;^^ 
{c^tt btifc:7 a— >i/-x-r — ■;:;?a :/t:/-7° (fda) (Dv" -7 

mytmc^Bmm^. ii^a^^- KcDi/2{^{c$ij^«$ns<, Mtc:, a/ 

20 D =i >y< — ^ 3 0 3 fCibMtSS^«i£V r e f P (D±^ 
2f^^CBS:^^i^So 

m^^^hitm'^cD 2 m (1/^2x4 = 2) (Dmmt-^r^mti^ti^o 

-C\ A/D n — 3 0 3(DV T e f P^ii^^— K 2 b T V ^ S 

25 _btfi(^®^jt^^^ A/D =3 ^-x^ — ^ 3 0 3 -e^ !J 5/ r 

3 0 3 -c^ y ^/T^^nTMS^Mb/i^^cstDlrE^jiii-s :i t^^x^ 

o 



-ttc. ±mmmx'i'imytmti / 2 (i/n) . iimmmmtAtvti 

ili^) X'h^ t-r^ t . iB-^i^^^l^it4i^iZfj:^(DX\ VrefPtiii 



•T — y/l' 1 



4 MBtluW- 




VrefP 
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4 



v^ — -^Vi^ 2 



2 M^iP^ 




VrefP 


N 


1 


1 


Y 


\/2 


1 


Y 


1 


2 



v^ — 2 (djott S®*;!]P#B#<^ 2ai^(D®tU l/-</^ ( 1 / 2 <b 1 ) 
(T^^-g^fi^^^p^^^I^ C^S^^I&fB^'-^/^T^ SN;652{^ (6dB) fp]± 



mxit. m^m^f-ti.x ccD^m^^^fctK ::tii-PSb-rBBD, cid 
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Additional advantages and modifications will readily occur to 
those skilled in the art. Therefore, the invention in its broader 
aspects is not limited to the specific details and representative 
embodiments shown and described herein. Accordingly, various 
modifications may be made without departing from the spirit or scope 
of the general inventive concept as defined by the appended claims and 
their equivalents. 
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TITLE OF THE INVENTION 
IMAGING APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
5 benefit of priority from the prior Japanese Patent 

Applications No. 2000-183310, ^filed June 19, 2000, 
No. 2000-188030, filed June 22, 2000, and 
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^ No. 2000-188031, filed June 22, 2000, the entire 
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^ contents of which are incorporated herein by reference, 
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05 10 BACKGROUND OF THE INVENTION 

Q 1. Field of the Invention 

The present invention relates to an imaging 
apparatus in which a gradation (gamma: y) property 
(gradation property curve) can be changed, and 



ru 



D 

^ 15 particularly to an imaging apparatus in which the 

gradation property can be changed and exposure control 
is improved. 

Moreover, the present invention relates to an 
imaging apparatus in which an image pickup device such 
20 as CCD is incorporated, and particularly to an imaging 

apparatus in which sensitivity is enhanced by addition 
of pixels. 

2 . Description of the Related Art 
In recent years, an imaging apparatus has 
25 intensively been developed in which a still picture or 

an image of a photographic subject is taken by an image 
pickup device such as CCD and converted to an image 



signal. In such known imaging apparatus, a gradation 
property (output signal level property corresponding to 
photographic subject luminance) can be changed. 
Concretely, for example, in a broadcasting TV camera or 
a so-called industrial camera (ITV) , the gradation 
property is set to one of a standard set mode (y = 
0.45) and a linear property set mode (y = 1) by so- 
called "gamma change". 

Here, a y (gamma) value is an index. Dissociation 
from a linear input/output property is noted as well 
known, and a relation between input x and output y is 
approximately represented by an equation y = a x xY + b 
(a, b are constants) . Therefore, when y = 1, the input 
and output are in a proportional relation. Addition- 
ally, since b corresponds to a pedestal or an offset, 
it is often taken into consideration independently of 
the y value. 

A value y = 0.45 is a standard system value in 
broadcasting, and selected as a value for obtaining a 
general high quality (visually satisfactory image 
quality for a purpose of appreciation) in consideration 
of the gradation property of a reproduction system. On 
the other hand, y = 1 is selected as a value for 
removing an error factor attributed to a gradation 
conversion circuit for a purpose of measurement or in 
camera ad j ustment . 

An automatic exposure control is often used for 



the camera described above. Generally, a control 
object of the automatic control is an output from the 
image pickup device, that is, a linear signal before 
inputted to the gradation conversion circuit usually 
called "y conversion circuit". According to the 
control method, optimum exposure control directly 
corresponding to a dynamic range of the image pickup 
device can be realized. 

In recent years, an electronic still camera which 
is one type of the electronic imaging apparatus 
described above and which is capable of recording a 
still picture has come into wide use in the name of a 
"digital camera", and there has been a need for a 
change of the gradation property in a meaning different 
from that of a broadcasting TV camera or an industrial 
camera. That is, there has been a demand for a digital 
camera in which an optimum gradation can selectively be 
set in accordance with user's taste or scene situation 
in order to obtain a high-quality picture comparable to 
a picture on a silver-halide or silver-salt film. 

On the other hand, for the digital camera intended 
to take the picture corresponding to the silver-halide 
picture, a natural requirement is that a person 
skillful in taking the silver-halide picture can 
satisfactorily use the digital camera. Therefore, 
specifications and operability (so-called handiness) 
equivalent to those of the silver-halide picture are 



required in background. To this end, for example, an 
attempt to indicate "sensitivity" of the digital camera 
in so-called "ISO indication" similarly as a 
conventional silver-halide film has been carried out. 

One attempt is described in "Television Society 
Technical Report /Yoshida : Study on Digital Camera 
Sensitivity (Speed) Indicating Method: ITE Technical 
Report Vol. 20, No. 58, PP. 85 to 90, CE' 96-25 (Nov., 
1996)". In a measuring method used in the sensitivity 
indicating method, the sensitivity is defined with "an 
exposure amount which gives a predetermined value 
(proposed value 106.5/255) defined in an intermediate 
range (satisfactory gradation reproduction range) of a 
digital value recorded by the digital camera". With 
the camera having the same "sensitivity" obtained by 
the measuring method, the same digital signal output is 
obtained during photography with the predetermined 
exposure amount for a measurement reference. 

Additionally, another discussion is necessary for 
judging whether this proposal can be said to correspond 
to the so-called "ISO indication". However, the 
"sensitivity" itself proposed in the document is "an 
index indicating the exposure amount necessary for 
obtaining an image with the same, brightness (output 
level)", and is therefore significant. Moreover, in 
the following description, the "sensitivity" indicates 
such sensitivity as described in the document (the 



predetermined value is indefinite) unless otherwise 
specified . 

When the gradation property is changed in 
accordance with the user's taste and scene situation 
and the gradation is selected as described above, even 
with a constant gain of an imaging system, the 
sensitivity changes with the gradation property change. 
Therefore, a problem is that the obtained output level 
changes . 

This respect will be described in more detail. 
Since the gradation property is changed, it is 
originally impossible to obtain an equal output level 
over a whole luminance distribution of the photographic 
subject. However, considering from an average or 
typical portion of the luminance distribution of the 
photographic subject, in other words, considering only 
from a main photographic subject, it is preferable that 
the output level for the subject should not change even 
with the changed gradation property. Additionally, in 
the conventional digital camera, since these are not 
considered, the output level disadvantageously changes 
largely as described above. 

Moreover, concerning sensitivity enhancement, even 
when the imaging apparatus is a dynamic imaging 
apparatus or a still imaging apparatus, adjacent pixel 
information of the image pickup device is added, for 
example, signals of four pixels in total of two pixels 



in a vertical direction and two pixels in a horizontal 
direction are added, then resolution is deteriorated, 
but the sensitivity can be enhanced. 

Known examples of an adding method include an 
outer digital adding system, device inside analog 
adding system, and the like. The outer digital adding 
system comprises: reading a pixel signal from the image 
pickup device for each pixel in a usual method, 
subsequently subjecting the signal to A/D conversion, 
and adding the pixel signals in a digital system. On 
the other hand, in the device inside analog adding 
system, transfer drive of a CCD image pickup device is 
devised in the image pickup device, and charges are 
added in a transfer path. As a result of comparison of 
the systems, the analog adding system is superior in 
that a frame rate can also be enhanced. 

Additionally, when this technique is actually 
applied to the electronic camera, the sensitivity can 
be enhanced, but a noise increases with the sensitivity 
enhancement. Beyond simple resolution deterioration 
because of a decrease of the number of pixels, image 
quality deterioration further occurs. 

In this respect, for example, it is also described 
in the conventional publication that fourfold- 
sensitivity can be obtained in addition of four pixels. 
However, this cannot be said to be correct in consid- 
eration about the noise. Because it is known that 



noise improvement effect in the pixel addition, that is 
SN enhancement is proportional to a square root of an 
added number of the pixels in respect to a statistic 
property of random noise. In the addition of four 
pixels, only double SN (i.e., 6 dB) can be expected. 
Therefore, during imaging while the image quality, that 
is, the noise level is kept, the imaging with double 
sensitivity, that is, 1/2 of the standard exposure 
amount is a limitation. Supposing that the image is 
taken with a 1/4 exposure amount and four pixels are 
added in order to obtain the fourfold-sensitivity, a 
signal component S is 1/4 x 4 = once, noise N is 1 x 
= twice, and SN is deteriorated by 6 dB. 

Then, addition of four pixels and exposure with 
the 1/2 exposure amount are considered. In an analog 
adding system in the digital camera, there is a problem 
of saturation in an A/D converter. That is, if a 
maximum output level of a horizontal transfer path or 
an image pickup device output amplifier as a position 
for executing the addition is not limited, it is 
necessary to handle a charge amount for 1/2 x 4 = 
2 pixels, that is, double output voltage in the 
addition of four pixels with the 1/2 exposure amount. 
Therefore, when the conventional usual A/D converter 
corresponding to the voltage for one pixel device is 
used as it is, an A/D input voltage exceeds A/D 
quantized maximum voltage, and the signal is clipped. 



In this case, in order to prevent the clip during 
the quantization in the A/D converter, it is necessary 
to set a maximum quantization level (Dmax) of A/D to be 
twice the conventional level. With this setting, the 
problem of saturation can securely be avoided. However, 
in a usual non-addition time, the maximum value of CCD 
output signal is Dmax/2, and a larger digital bit is 
wasted. In other words, a relative quantized error 
disadvantageously becomes double from an ideal state. 

Additionally, to avoid the problem, the A/D 
converter quantized error itself may be reduced. In 
other words, the A/D converter with a larger number of 
bits than an originally necessary number of bits is 
necessary, and cost increase is unfavorably caused. 

In the conventional art, the addition of pixels is 
carried out in this manner in order to enhance the 
sensitivity of the imaging apparatus. However, in the 
analog adding system, since the A/D input voltage 
exceeds the A/D quantized maximum voltage, the signal 
is clipped. There is a problem that the image quality 
is deteriorated. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an imaging apparatus which can hold sensitivity and 
output level to be constant even when a gradation 
property is changed. 

Moreover, another object of the present invention 



is to provide an imaging apparatus in which imaging 
with an enhanced sensitivity can be carried out by 
addition of pixel information in an analog adding 
system, and an image quality can be prevented from 
being deteriorated by clip in an A/D converter. 

According to the present invention, there is 
provided an imaging apparatus for photographing a 
photographic subject, comprising: 

an image pickup device in which light is received 
from the photographic subject, a photographic subject 
image is formed, and the image is converted to an 
original image signals- 
designating means for designating one of a first 
gradation mode and a second gradation mode; 

converting means for converting the original image 
signal from the image pickup device to an output image 
signal in accordance with the designation of one mode 
by the designating means, the output image signal 
having a first gradation in the designation of the 
first gradation mode, and a second gradation in the 
designation of the second gradation mode; and 

adjusting means for adjusting a level of the 
original image signal inputted to the converting means 
in accordance with the designation of one mode by the 
designating means, and keeping an average level of the 
output image signal outputted from the converting means 
at a substantially constant level even in the 



designation of the first and second gradation modes. 

Moreover, according to the present invention, 
there is provided an imaging apparatus for 
photographing a photographic subject, comprising: 

an image pickup device for receiving light rays 
transferred from the subject, a photographic subject 
image being formed on the image pickup device, and the 
image being converted to an original image signals- 
designating means for designating one of first and 
second gradation modes; 

converting means for converting the original image 
signal from the image pickup device to an output image 
signal in accordance with the designated mode, the 
output image signal having "a first gradation in 
accordance with a first gradation curve in the 
designation of the first gradation mode, and a second 
gradation in accordance with a second gradation curve 
in the designation of the second gradation mode; and 

adjusting means for adjusting a level of the 
original image signal inputted to the converting means 
in accordance with the designated mode, and maintaining 
an average level of the output image signal outputted 
from the converting means at a substantially constant 
level; 

wherein the first and second gradation property 
curves intersect each other at a certain target value, 
and the target value substantially corresponds to the 



average output level of the output image signal. 

Furthermore, according to the present invention, 
there is provided an imaging method of photographing a 
sub j ect , comprising : 

an image pickup step of receiving light rays 
transmitted from the photographic subject, a 
photographic subject image being formed, and the image 
being converted to an original image signal; 

designating step of designating one of a first 
gradation mode and a second gradation mode; 

converting step of converting the original image 
signal to an output image signal in accordance with the 
designated mode, the output image signal having a first 
gradation in the designation of the first gradation 
mode, and a second gradation in the designation of the 
second gradation mode; and 

adjusting step of adjusting a level of the 
original image signal in the converting step in 
accordance with the designated mode, and maintaining an 
average level of the output image signal in the 
converting step at a substantially constant level even 
in the designation of the first and second gradation 
modes . 

Yet further, according to the present invention, 
there is provided an imaging method for photographing a 
photographic subject, comprising: 

an imaging step of receiving light rays from the 



photographic subject, forming a photographic subject 
image, and converting the image to an original image 
signal; 

a designating step of designating one of a first 
gradation mode and a second gradation mode; 

a converting step of converting the original image 
signal to an output image signal in accordance with the 
designation of one mode in the designating step, the 
output image signal having a first gradation in 
accordance with a first gradation curve in the 
designation of the first gradation mode, and a second 
gradation in accordance with a third gradation curve in 
the designation of the second gradation mode; and 

an adjusting step of adjusting a level of the 
original image signal inputted to the converting step 
in accordance with the designation of one mode by the 
designating step, and maintaining an average level of 
the output image signal outputted from the converting 
step at a substantially constant level; 

wherein the first and second gradation property 
curves intersect each other at a certain target value, 
and the target value substantially corresponds to the 
average output level of the output image signal. 

Yet furthermore, according to the present 
invention, there is provided an imaging method for 
photographing a photographic subject, comprising: 

an imaging step of receiving light rays from the 



photographic subject, forming a photographic subject 
image, and converting the image to an original image 
signal ; 

a designating step of designating one of a first, 
second and third gradation modes; and 

a converting step of converting the original image 
signal to an output image signal in accordance with the 
designation of one mode in the designating step, the 
output image signal having a first gradation in 
accordance with a first gradation curve in the 
designation of the first gradation mode, a second 
gradation in accordance with a second gradation curve 
in the designation of the second gradation mode, and a 
third gradation in accordance with a third gradation 
curve in the designation of the third gradation mode; 

wherein the first, second and third gradation 
property curves intersect one another at a 
substantially same point. 

As described above, in some of the cameras in 
which a plurality of gradation properties (gamma) can 
be changed, when exposure control of a predetermined 
target value is carried out in a linear system (on a 
gamma input side) , sensitivity (output signal level) 
changes by the gamma change. 

To solve the problem, in the imaging apparatus 
having a plurality of gamma properties, exposure 
control is carried out in such a manner the output 



level for average exposure becomes the same even with 
the gamma change. Concretely, the exposure is 
controlled and a plurality of control target values are 
changed in accordance with the gamma change on a gamma 
input side. Alternatively, the exposure is controlled 
and the same control target value is used on a gamma 
output side. Thereby, even when the gamma is changed, 
the output level does not change with respect to 
average exposure. That is, even when the gradation 
property is changed, the output level can be kept to be 
constant . 

According to the present invention, there is also 
provided an imaging apparatus for photographing a 
photographic subject, comprising: 

an image pickup device for receiving light rays 
transferred from the subject, a photographic subject 
image being formed on the image pickup device, and the 
image being converted to an original image signal; 

designating means for designating one of first, 
second and third gradation modes; and 

converting means for converting the original image 
signal from the image pickup device to an output image 
signal in accordance with the designated mode, the 
output image signal having a first gradation in 
accordance with a first gradation curve in the 
designation of the first gradation mode, a second 
gradation in accordance with a second gradation curve 



in the designation of the second gradation mode, and a 
third gradation in accordance with a third gradation 
curve in the designation of the third gradation mode; 

wherein the first, second and third gradation 
property curves intersect one another at a 
substantially same point. 

Here, preferred embodiments of the present 
invention are as follows. 

(1) The intersection of the property curves is 
set to correspond to 18 to 20% of a maximum signal 
level in a value on an input side of the gradation 
converting property . 

(2) At least one of the gradation converting 
properties is constituted to have a knee property in 
which a knee point is set in a region with a signal 
value larger than that of the intersection of the 
property curves . 

As described above, the camera which can change a 
plurality of gradation properties (gamma) is known. 
However, when the exposure control is performed at the 
predetermined target value in the linear system (gamma 
input side) , the sensitivity (output signal level) 
changes by the gamma change. 

To solve the problem, according to the present 
invention, in an imaging apparatus having a plurality 
of gamma properties, the exposure control target value 
(recommended average exposure level) is the same on the 



gamma input side, and a plurality of gamma curves cross 
one another at the point. When there are three or more 
properties, all the properties have a common cross 
point. In this constitution, even when the gamma 
property is changed, the output level in the cross 
point is the same. Even when the gradation property is 
changed in the vicinity of the cross point, sensitivity 
and output level can be kept to be constant. 

Moreover, the cross point is a point corresponding 
to 18 to 20% (±1/3 EV) of an input full scale. This 
value is in the vicinity of a logarithmic midpoint of a 
photographic subject range, and an region with a 
maximum possibility of correspondence to a main 
photographic subject is in the vicinity of the 
logarithmic midpoint of the photographic subject range. 
Therefore, the value can be the to be a best selection. 
Furthermore, the knee property is disposed so that the 
range is ensured with the intersecting of the 
properties. Thereby, a photographic subject 
reproduction range can be prevented from being narrowed 
with a large gamma. 

According to the present invention, there is 
provided an imaging apparatus, comprising: image pickup 
device including a plurality of pixel elements arranged 
in a matrix arrays and a charge transfer path of 
interline type, a image of the subject being formed on 
the image pickup device and change being generated in 



the pixel elements; driving means for driving the image 
pickup device to readout the pixels as a image signal 
from the image pickup device, the driving means setting 
a addition mode in which the pixels are added and the 
added pixels are readout as the image signal; analogue 
to digital converter for quantizing the image signal to 
output a quantized image signal; and quantizing level 
setting means for setting a maximum quantizing level in 
the analogue to digital converter, which is changed in 
accordance with the addition number of the pixels. 

Here, preferred embodiments of the present 
invention are as follows. 

(1) The constitution comprises exposure control 
means for controlling an exposure amount with respect 
to the image pickup device, and the quantized level 
setting means variably sets the quantized maximum level 
in accordance with the added number of adding/reading, 
and the exposure amount target value set by the 
exposure control means. 

(2) The interline type charge transfer path 
comprises a plurality of vertical transfer paths 
disposed adjacent to the pixels arranged in a matrix in 
a column direction, and a horizontal transfer path 
disposed adjacent to an end of these vertical transfer 
paths in a row direction. The driving means adds the 
signals corresponding to the pixels adjacent in the 
vertical direction in the horizontal transfer path, and 



adds the signals corresponding to the pixels adjacent 
in the horizontal direction in an output amplifier 
connected to an output end of the horizontal transfer 
path . 

(3) The number of pixels added by the driving 
means is the same in the horizontal and vertical 
directions . 

(4) The image pickup device is a CCD image pickup 
device . 

According to the present invention, the quantized 
level setting means variably sets the quantized maximum 
level in the A/D converting means in accordance with 
the added number of adding/reading by the driving means. 
Thereby, a phenomenon in which the A/D input voltage 
exceeds the A/D quantized maximum voltage with the 
signal addition can be suppressed. Therefore, the 
added signal can be prevented beforehand from being 
clipped by the A/D converting means. Therefore, 
photography with enhanced sensitivity is enabled by 
addition of the pixel information of the analog adding 
system without deteriorating the image quality by the 
clip in the A/D converting means. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 



obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings which are incorporated 
in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
invention, and together with the general description 
given above and the detailed description of the 
preferred embodiments given below, serve to explain the 
principles of the invention. 

FIG. 1 is a block diagram schematically showing a 
circuit of a digital camera according to one embodiment 
of the present invention. 

FIG. 2 is a graph of a gradation property curve 
utilized in a gradation converter shown in FIG. 1, 
showing a relation between a gradation property and an 
exposure target value. 

FIG. 3 is a flowchart showing a setting procedure 
in which a y value in the digital camera shown in 
FIG. 1 is selectively set. 

FIG. 4 is a flowchart showing an exposure target 
setting procedure in which the y value in the digital 
camera shown in FIG. 1 is selectively set. 

FIG. 5 is a graph of the gradation property curve 
utilized similarly in the gradation converter shown in 
FIG. 1, showing the relation between the gradation 
property and the exposure target value. 



FIG. 6 is a plan view schematically showing a 
basic structure of a CCD image pickup device shown in 
FIG. 1. 

FIG- 7 is a block diagram schematically showing a 
preprocessing circuit shown in FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

A detail of a digital camera according to an 
embodiment of the present invention will be described 
hereinafter with reference to the drawings. 

FIG. 1 is a block diagram showing a circuit 
configuration of the digital camera according to one 
embodiment of the present invention. In FIG. 1, 
reference numeral 101 denotes a photography lens system 
constituted of various lenses for photographing a 
photographic subject^ 102 denotes a lens driving 
mechanism for driving the lens system 101 in accordance 
with the photographic subject, and the lens driving 
mechanism 102 drives the photography lens system 101 to 
focus the photography lens system 101 on the 
photographic subject. Light rays reflected from the 
photographic subject are directed to CCD unit 105 via 
the lens system 101 and a stop included in an exposure 
control mechanism 103. In the exposure control 
mechanism 103, the stop is adjusted, the light rays 
passed through the stop is controlled and an exposure 
amount is controlled. The light transmitted through 
the stop is transmitted through a filter system 100 



including a low pass filter and infrared cutting filter 
and a mechanical shutter 104, and is incident upon the 
CCD color pickup unit 105. A photographic subject 
image is formed on imaging arrays of the CCD color 
pickup unit 105. The pickup unit 105 is driven by a 
CCD driver 106, and the photographic subject image on 
the imaging array is converted to an image signal. The 
image signal is processed in a preprocessing circuit 
107 which includes a gain control amplifier 107A which 
can change an amplification factor, i.e., a gain of the 
image signal and an A/D converter for converting the 
amplified image signal to a digital image signal. The 
digital image signal is processed by a digital 
processing circuit 108 for performing various digital 
constitutions such as a color signal generation 
processing and matrix conversion processing, and stored 
in a memory card 110 such as CF via a card interface 
109. Moreover, the image is displayed in an LCD image 
display system 111 based on the image signal from the 
digital processing circuit 108. 

Moreover, reference numeral 112 in FIG. 1 denotes 
a system controller (CPU) for generally controlling 
respective components shown in FIG. 1. Numeral 113 
denotes an operation switch system constituted of 
various switches including a mode setting SW 113A for 
setting gradation (gamma) property, i.e., actually 
setting a standard mode, a soft mode or a hard mode. 



Numeral 114 denotes an operation display system for 
displaying a digital camera operation state, mode state 
and the like, and 115 denotes a lens driver for 
controlling the lens driving mechanism 102. Numeral 
116 denotes a strobe which emits photography light rays 
during photography, 117 denotes an exposure control 
driver for controlling the exposure control mechanism 
103 and strobe 115, and 118 denotes a nonvolatile 
memory (EEPROM) for storing various setting information 
and the like. 

In the digital camera of the present embodiment, 
the system controller 112 generally controls the 
respective components. Particularly, the system 
controller 112 controls the driving of the CCD color 
pickup unit 105 by the exposure control mechanism 103 
and CCD driver 106 to control exposure (charge 
accumulation) . The system controller 112 similarly 
controls the reading of the image signal from the CCD 
color pickup unit 105, and the digital processing 
circuit 108 takes the image signal via the 
preprocessing circuit 107. Furthermore, under the 
control of the system controller 112, the image signal 
is subjected to various signal processings and 
subsequently recorded in the memory card 110 via the 
card interface 109. Additionally, examples of the CCD 
color pickup unit 105 include an interline progressive 
(successive) scanning unit with a vertical overflow 



drain structure . 

Moreover, the digital processing circuit 108 shown 
in FIG. 1 includes a gradation converter 108A which can 
generate image signals having different gradation 
properties with respect to the same image signal. When 
the mode setting SW 113A in the operation switches 113 
sets the gradation property (y property), i.e., one of 
the standard, soft and hard modes, a gradation 
designation signal of the set mode is supplied to the 
system controller 112. Then, the system controller 112 
designates the gradation to be converted, that is, y 
value with respect to the gradation converter 108A of 
the digital processing circuit 108. Moreover, with the 
designation of the gradation by the system controller 
112, similarly the gain control amplifier 107A of the 
preprocessing circuit 107 sets the gain in accordance 
with the designated gradation in response to a command 
of the system controller 112. Furthermore, the system 
controller 112 transmits information of the designated 
gradation to the exposure control driver 117, and the 
exposure control driver 117 controls exposure in 
accordance with the selected gradation property. 

FIG. 2 is a graph of a gradation property and 
exposure target value which can be controlled in the 
digital camera shown in FIG. 1. To simplify 
description, in the graph of FIG. 2, eight bit data is 
assumed for input and output digital values. In FIG. 2, 



a solid line is a graph showing a property of a 
gradation (y = 0.45) of the standard mode, a broken 
line is a graph showing the gradation property in a 
mode of y = 0.7, and a dashed line is a graph showing 
the property of the gradation in a mode of y = 1 (the 
output digital value is in a linear relation with 
respect to the input digital value) . Additionally, in 
the digital camera shown in FIG. 1, the mode setting 
switch 113A can change the mode to other two modes (y = 
0-7 and y = 1) from default "standard", and even the y 
value can be selected in the modes. 

The standard mode (y = 0.45) is actually a 
recommended property of JEIDA DCF specification as a 
digital camera standard specification: y = 1.099 x 
xO.45 _ 0.099. (Additionally, x = input/255, y = 
output/255, this equation is applied to x > 0.018, and 
y = 4.5 X X is applied in x < 0.018.) Moreover, y = 
0.7 corresponds to property of y = x^-^^ ^j^^ y = 
corresponds to property of y = x. 

In the camera shown in FIG. 1, a brightness or 
luminous of the photographic subject is measured in 
center selective average photometry, and exposure is 
controlled by calculation or feedback control so that a 
photometric value (signal level average value) is equal 
to an exposure target value. Therefore, an output 
value obtained from a flat photographic subject (with 
no pattern) corresponds to the exposure control target 



value. When the main photographic subject in a usual 
exposure condition is assumed, the flat photographic 
subject can be represented or substituted as well known. 

Luminance information about the photographic 
subject taken by the digital processing circuit 108 is 
analyzed or calculated by the system controller 112 so 
that the photographic subject luminance is measured. 
The system controller 112 drives the exposure control 
mechanism 103 or the strobe 116 via the exposure 
control driver 117 based on an analysis result so that 
the exposure is controlled. When a device shutter 
function is used as the shutter, the CCD driver 106 can 
control/drive CCD to realize the function. 

As shown in FIG. 2, an exposure control point 4 6 
in the standard (y ^ 0.45) corresponds to 18% of a 
maximum input digital value 255.. The input digital 
value 4 6 substantially corresponds to a logarithmic 
midpoint of an input range in the standard y. When an 
ideal de-gamma (a total linear value) is assumed in the 
reproduction system, the input digital value 46 
actually corresponds to the logarithmic midpoint of a 
display range of a reproduction system. From FIG. 2, 
an output digital value 104 corresponds to the input 
digital value 46. 

Additionally, for the gradation property, 
generally during photographing of the main photographic 
subject, a region having a highest possibility of 



correspondence to the photographic subject luminance is 
in the vicinity of the logarithmic midpoint of the 
photographic subject range. The region numerically 
corresponds to 18% as the logarithmic midpoint between 
white and black levels. Here, it is assumed that the 
white level is a reflectance of about 98% of the 
photographic subject having a highest diffusion 
reflectance and that the black level is a reflectance 
of about 3.3% of the photographic subject having a 
lowest diffusion reflectance. Based on this finding, 
18% has been used as the numeric value of a standard 
reflectance representing the photographic subject or a 
reflectance of a standard reflector for evaluation in a 
photographic technical field. 

Additionally, according to the present inventor's 
study, in the actual photography, when a numeric value 
4% of the lowest reflectance is assumed and a 
logarithmic midpoint value 20% is used, a good result 
is produced in many cases. In this meaning, an 
exposure control point value of about 18 to 20% can be 
set as a target value (aimed value) for obtaining the 
best result . 

Here, the photographic subject range has been 
considered in the above. However, when ideal gamma 
conversion (i.e., total linear) for the imaging/display 
system is assumed, the above indicates a similar 
meaning even in a final light output gradation (display 



range) in an "output apparatus (display apparatus)". 
In actual, for a visual property of observation of an 
output image, the "logarithmic midpoint" is preferable 
on the assumption of a logarithmic recognition property 
for a stimulus strength governed by Weber's law or 
Fechner ' s law. 

In this meaning, for the exposure control target 
value, the value (18 to 20% as described above) on a 
conversion input side (photographic subject 
proportional signal) in a standard gradation converting 
property (total linear property is assumed) should be a 
standard. However, when the property is changed to an 
arbitrary converting property, the corresponding value 
on a conversion output side (post-gamma signal) in the 
standard property is rather preferably used as the 
standard. 

Moreover, in the real camera, there are various 
error factors, and there is a certain degree of freedom 
of a tolerance limit in product evaluation. Therefore, 
set values substantially in a range of ±1/3 EV with 
respect to the aforementioned set target value (i.e., 
18%-1/3EV - 14.3% or more, 20%+l/3EV = 25.2% or less) 
are included in a numeric value limited range of the 
present invention. Additionally, ±1/3 EV is a numeric 
value frequently used as a standard tolerance error 
range in the technical field, for example, in standards 
such as JIS and ISO. Additionally, to describe that by 



way of precaution, it is apparent that with an error of 
±0.1 EV or less, the value can be regarded as the same 
without any condition in almost all cases of the field. 

By the aforementioned control, the main 
photographic subject (the photographic subject 
represented by the photometric value) can be reproduced 
as an image whose luminance is distributed in 
substantially the same output luminance range as that 
of the photography in the standard gradation property, 
that is, in the vicinity of the logarithmic midpoint of 
the display range in the output apparatus (display 
apparatus) . 

Moreover, when the mode is changed, the exposure 
control target value is changed to respective values 71, 
104 in accordance with the changed mode. That is, for 
a target value s with y = 0.7, 71 is obtained as a 
solution of (105/255) = (s/255)0.7^ with y = 1, since 
y = X, an output corresponding value is still 104. In 
this case, the exposure control target value does not 
correspond to the logarithmic midpoint of the input 
range, but the output level of the main photographic 
subject (the photographic subject represented by the 
photometric value) does not change. 

As described above, according to the present 
invention, a plurality of control target values for the 
gamma value (the gamma output value is the same) are 
preset, exposure is controlled on the gamma input side 



in accordance with the gamma value during change of the 
gamma property, and a plurality of control target 
values are changed. Thereby, the average level of the 
image signal can be kept to be substantially constant. 
Therefore, the exposure can be controlled so that the 
output level is the same for average exposure even with 
the changed gamma, and usefulness of the control is 
remarkably high. 

The change of the y property will be described in 
further detail with reference to FIGS. 3 and 4. In the 
descriptions below, the amplified value of the gain 
control amplifier 107A is assumed to be a fixed value, 
unless otherwise stated. 

FIGS. 3 and 4 are flowcharts illustrating the 
setting control of the y property, which is executed 
prior to actual imaging. The flowcharts also 
illustrate the setting control of a corresponding 
exposure target value. These setting control 
operations are described as sub-flows which branch off 
from' the main flow (the control flow of the operation 
of the entire camera) and which are executed as need 
arises (the sub-flows corresponds to sub-routines of a 
program) . 

Let it be assumed that the user designates y by 
operating the mode setting switch 113A before the 
execution of these sub-flows, and that the setting 
parameter designated then (one of yA, yB and yC) is 



stored in a memory (not shown) . If, intentionally, the 
user does not designate y, default setting yC is 
selected. The default setting in the present camera is 
standard y (= 0.45) described above with reference to 
FIG. 2. 

The setting of y is executed in the manner shown 
in FIG. 3. First, the system controller 112 reads out 
a y setting parameter from the memory. When the check 
in step S2 indicates that y = yA, the flow advances to 
step S5. In this step, the conversion property of the 
gradation converter 108A of the digital processing 
circuit 108 is set in accordance with yA. (The 
conversion property is so determined as to satisfy the 
equation y = 1 in FIG. 2.) When the check in step S2 
does not indicate that y = yA, the flow advances to step 
S3. If the check in this step S3 indicates that the 
equation y = yB is satisfied, the flow advances to step 
S6. In this step, the conversion property of the 
gradation converter 108A of the digital processing 
circuit 108 is set in accordance with yB. (The 
conversion property is so determined as to satisfy the 
equation y = 0.7 in FIG. 2.) If the check in step S3 
does not indicate that the equation y = yB is satisfied, 
the flow advances to step S4 . In this step S4, the 
conversion property of the gradation converter 108A of 
the digital processing circuit 108 is set in accordance 
with yC. (The conversion property is so determined as 



to satisfy the equation y = 0.45 in FIG. 2.) In any 
case, step S7 is executed to terminate the sub-flow, 
and predetermined steps of the main flow are executed 
again . 

After the value of y is determined, the processing 
for setting the exposure target value shown in FIG. 4 
is started. When the check in step S12 determines that 
y = 1, the system controller 112 executes step S15, 
wherein it sets the exposure target value (in input 
digital values) to "104." When the check in step S12 
does not determine that y = 1, the next step S13 is 
executed to see if y = 0.7. If this is the case, step 
S16 is executed to set the exposure target value (in 
input digital values) to "71." If step S13 does not 
determine that y = 0.7, step S14 is executed to set the 
exposure target value (in input digital values) to 
"46." Each of these target values corresponds to the 
output digital value 104 in the gradation property 
determined then. In any case, step S17 is executed to 
terminate the sub-flow, and predetermined steps of the 
main flow are executed again. 

In the embodiment described above, the gain of the 
gain control amplifier 107A of the preprocessing 
circuit 107 is kept fixed. It should be noted that the 
exposure control method is not limited to the method in 
which the amount of charge in an ordinary type of 
element is controlled. That is, the gain control 
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amplifier 107A may be employed to vary the circuit gain 
of the linear system. This variable circuit gain 
method may be used singly or in combination with the 
method described above. 

When any one of the input digital values 104, 71, 
4 6 is set (as a target value) in the manner described 
above, the system controller 112 shown in FIG. 1 sets 
the exposure control driver 117 so that exposure 
control is carried out using the input digital value 
set by the exposure control driver 117 as a control 
target. Moreover, the system controller 112 sets the 
digital processing circuit 108 so that the gradation 
converter 108A of the digital processing circuit 108 
performs a processing of converting the input digital 
image signal to the output digital image signal by use 
of the gradation set by the user with the mode setting 
switch 113A as described above, that is, y. 

When the photography is started, the exposure 
control mechanism 103 is controlled in accordance with 
the set gradation property and the photographic subject 
is photographed by the CCD 105 with the proper exposure 
based on the exposure target value. The image signal 
from the CCD 105 is supplied to the preprocessing 
circuit 107 and is then subjected to a predetermined y 
conversion processing by the gradation converter 108A 
of the digital processing circuit 108, converted to the 
image signal such that the digital output value as the 



target is the center output value, and stored in the 
memory card 110. Moreover, the signal is supplied to 
the LCD 111, and displayed in the LCD 111. 

As described above, even when the user changes the 
gradation property by a series of processing and 
performs the photography in accordance with user's 
taste, the exposure target value of the input digital 
value is changed, and an output center point is kept at 
a constant reference point. In this state, the output 
corresponding to the photographic subject image having 
the gradation property according to the user's taste is 
outputted via the digital processing circuit 108. 

The present invention is not limited to the 
aforementioned embodiment. In the embodiment, the 
exposure is controlled on the gamma input side. 
However, it is also possible to fix the target value to 
104 and control the exposure on the gamma output side. 
In this case, control of output property can be 
simplified. Additionally, an influence of the gamma 
value sometimes occurs in average calculation of the 
photographic sub j ect . 

FIG. 5 is a graph showing the control system of 
the gradation property and exposure target value 
according to another embodiment of the present 
invention. In FIG. 5, to simplify the description, the 
eight bit data is assumed for both the input and output 
digital data. In FIG. 5, a solid line is a graph of a 



standard gradation (y = 0.45), a broken line is a graph 
for Y = 0.7 (with the knee), and a dashed line is a 
graph for y = 1 (with the knee) . Similarly as the 
aforementioned embodiment, in the digital camera of the 
present embodiment, the mode setting switch 113A can 
change the mode to other two modes (y = 0.7, y = 1) from 
the default "standard". 

As described above, the standard y = 0.45 is 
actually the recommended property of JEIDA DCF 
specification as the digital camera standard 
specification: y = 1.099 x x^-^^ - 0.099. (Additionally, 
X = input/255, y = output/255, the equation is applied 
to X > 0.018, and y = 4.5 x x is applied in x < 0.018.) 

In the present embodiment, the. gradation converter 
108A shown in FIG. 1 has a property of converting the 
input image signal to the output image signal with the 
y converting property shown in FIG. 5. For the y 
property shown in FIG. 5, each y property graph shown 
in FIG. 2 is multiplied by a coefficient so that the 
graphs of y = 1, 0.7 and 0.45 pass through a certain 
exposure control point (input digital value 46 and 
output digital value 104). In other words, the y 
property graphs shown in FIG. 2 are multiplied by the 
respective coefficients so that the graphs of y = 1, 
0.7 and 0.45 intersect one another at the certain 
exposure control point. 

y = 2.2609 x x 



y = 1.3525 X • 

When the y graph shown in FIG. 2 is simply 
multiplied by the coefficient, the photographic subject 
reproduction range is narrowed. Therefore, for the 
region y > 0.75 (output value digital value of 192 or 
more) whose signal value is sufficiently larger than 
that of the vicinity of the intersection corresponding 
to the main photographic subject gradation region, so- 
called knee property is disposed. The property has a 
high contrast with respect to the main photographic 
subject (i.e., the region in the vicinity of the 
intersection) , but is devised so as to secure the 
reproduction range by compressing only the high level 
region . 

The exposure is controlled on the input side of 
the gamma converter 108A, that is, in a circuit portion 
referred to as so-called linear system, so that the 
control target value corresponds to the digital value 
4 6 at all times. Even when the mode is changed during 
this exposure control, the sensitivity does not change, 
a sensitivity measurement reference point is kept at 
104, and the center level of the gradation in the 
output level of the main photographic subject is not 
changed. 

As in the embodiment described above, the system 
shown in FIG. 1 performs the exposure control by 
causing the system controller 112 to set the parameter 



of the exposure control driver 117. In the meantime, 
the control target value is kept at a fixed digital 
value 46 and is not varied when the value of y is 
switched from one to another. The setting of the value 
of y is performed in a similar manner to that shown in 
FIG. 3. It should be noted that the property 
corresponding to yA is "y = 1" shown in FIG. 5, and the 
property corresponding to yB is "y = 0.7" shown in the 
same Figure. 

Additionally, the intersections of three property 
curves completely agree with one another in this 
example- However, needless to say, with the 
"substantial agreement", the object can sufficiently be 
achieved. That is, for example, the intersections of 
three properties are handled in the above example. 
When one intersection is generated for the two property 
curves, three intersections in total are generated. If 
these three points are sufficiently close to one 
another, an effect similar to that of the "agreement" 
can be fulfilled. 

Therefore, "a common property curve intersection 
(the point at which one input value is converted to the 
same output value irrespective of the selected 
property) " in the present invention is "common" 
including the aforementioned case, and naturally means 
"the same". Moreover, in this case, for judgment of 
substantial agreement, similarly as the aforementioned 



embodiment, the range of ±1/3 EV (-20.6%, +26.0% in 
terms of relative %) can substantially be a standard. 
(Alternatively, the range of ±0.1 EV or less is of 
course further preferable.) 

As described above, when the intersection of the 
property curve agrees with a measurement point of 
"sensitivity", the sensitivity in the measurement and 
display can be kept to be unchanged. When only this 
viewpoint is noted, it is not essential to match the 
sensitivity target value with this point. 

That is, when the exposure control target value 
deviates from the property intersection, the output 
level fluctuates, but the "sensitivity" at least in the 
measurement and display is kept to be constant 
regardless of the fluctuation. It can be said that 
this produces an effect different from/independent of 
"the setting of the output level by measurement of the 
exposure target value" . 

Moreover, when the action of keeping the output 
level to be constant is noted, the exposure control 
target value is set in the vicinity of the property 
intersection. Then, if the setting has a slight 
deviation, the output level fluctuation is small in the 
vicinity of the intersection, and can be in a 
substantially negligible range. 

Furthermore, when the property intersection is set 
to the sensitivity measurement reference point, and the 



exposure target value further agrees with the 
intersection as in the aforementioned embodiment, the 
unchanged sensitivity is fully and remarkably 
effectively compatible with the unchanged output level. 

Additionally, the present invention is not limited 
to the aforementioned embodiment. In the embodiment, 
the digital camera has an automatic exposure function, 
but this is not limited, and a camera having a manual 
exposure may be used. In this case, the photographic 
subject exposure amount and output level for the common 
intersection of a plurality of property curves are 
presented to a camera user (photographer) as a 
"recommended average exposure amount" and "recommended 
average exposure level". Then, the photographer can 
use, for example, a single-unit photometer, or an outer 
strobe with an independent dimmer function attached 
thereto to perform satisfactory photography. In this 
case, it is effectively unnecessary to change the 
setting of the photometer or the strobe by the 
gradation property. 

Moreover, the use of the progressive CCD image 
pickup device has been described in the embodiment, but 
a signal reading system is not limited to this, and an 
interlace type device may be used. Furthermore, 
various solid image pickup devices other than CCD may 
be used. Furthermore, the present invention is not 
necessarily limited to the digital camera, and can be 



applied to a movie camera. Additionally, the present 
invention can variously be modified and implemented in 
a range which does not depart from the scope of the 
present invention . 

In the aforementioned embodiment, the sensitivity 
of CCD 105 shown in FIG. 1 can be enhanced and the 
output of the image signal from the CCD 105 can be 
increased in an addition photography mode in order to 
increase the input digital value shown in FIG. 1. 

In addition, in respect of utilizing pixel signals 
from the CCD 105, there is known a technique of so 
called "addition of pixel", in which pixel signals 
output from the adjacent pixels are added to improve a 
sensitivity or SN ratio of CCD 105. This technique can 
be applied, as "addition photographing mode" to the 
above embodiment so that the sensitivity of the CCD 105 
is improved. Thus, if the "addition photographing 
mode" can be set in the digital camera described above, 
a level of the image signal from the CCD 105 can be 
increased, which corresponds to the input digital value 
shown in FIGS. 2 and 3. 

Setting of the addition photography mode will be 
described with reference to FIGS. 1, 6 and 7. 
Additionally, the addition mode is set with the mode 
setting switch 113A shown in FIG. 1. 

In the CCD 105 shown in FIG. 1, as shown in FIG. 6, 
an interline (IT) type progressive (successive 
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scanning) driving system is used which is constituted 
of photodiodes 201 arranged in a matrix, a plurality of 
vertical line CCDs 202, one horizontal line CCD 203, 
and an output amplifier 204. Here, in order to 
5 simplify the description, it is assumed that the CCD 

105 is a monochromatic device. 

Moreover, as shown in FIG. 7, the image signal 

□ 

tM outputted from the image pickup device 105 and inputted 

m 

m to the preprocessing circuit 107 is inputted to a 

y 

Q\ 10 correlated double sampling circuit (CDS circuit) 301 in 

U 

1 = 1 order to obtain a difference between a reset level and 
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a signal level. In the correlated double sampling 
circuit (CDS circuit) 301, a reset noise is removed 
^ from the image signal and the signal is inputted to an 

H 15 OB clamp circuit (OBCLP circuit) 302. In the OB clamp 

circuit (OBCLP circuit) 302, a part of the image signal 
is clamped based on the signal (OB standard level) from 
an optical black (OB) pixel. The image signal 
outputted from the OB clamp circuit (OBCLP circuit) 302 
20. is inputted to an A/D converter 303. Moreover, the 

image signal is converted to a digital signal in a 
predetermined sampling frequency for driving the CCD in 
the A/D converter 303. 

Here, in the A/D converter 303, a minimum input 
25 level (input 0 reference) is equal to a reference 

voltage VrefZ on a - side and OV, a maximum input level 
(i.e., maximum quantized level) is equal to a reference 



voltage VrefP on a + side, and this reference voltage 
VrefP can be varied. When the reference voltage VrefP 
is changed, the maximum quantized level can be varied. 
Therefore, for example, when VrefP is doubled, the 
maximum quantized level is doubled. Additionally, the 
maximum input level does not have to be equal to the 
reference voltage VrefP. The circuit including the A/D 
converter 303 may be constituted such that the maximum 
quantized level can be varied by changing the reference 
voltage VrefP. 

The photography mode includes a usual photography 
mode and addition photography mode set with the mode 
setting switch 113A. The mode setting switch 113A can 
change the mode to the addition photography mode from 
the usual photography mode or vice versa. In the 
addition photography mode, the system controller 112 
sets the CCD driver 106 to the driving system for the 
addition photography mode, and the CCD driver 106 
drives the CCD 105 so that the CCD 105 adds a plurality 
of image signals in the device and reads the signal as 
follows . 

(1) A VCCD driving pulse for n pixels (n transfer 
units) is outputted in each horizontal blanking period. 
Concretely, n = 2 is set, and two pixels of a vertical 
direction are added in a horizontal transfer path. 

(2) During horizontal transfer, m pixels are 
added by a diffusion section of a floating diffusion 



amplifier (FDA) disposed in an output section of the 
horizontal transfer path by m pixels addition driving. 
That is, after each reset pulse is applied, an HCCD 
driving pulse for m pixels (m transfer units) is 
outputted during a charge transfer period. Concretely, 
m = 2 is set, and vertically added two pixels, that is 
four pixels of a pixel portion are added. 

The horizontal vertical 2x2 pixels are added in 
the aforementioned method. Moreover, the exposure 
amount target value is controlled to be 1/2 of the 
value of the usual photography mode. Furthermore, a 
size of the reference voltage VrefP in the A/D 
converter 303 is set to be twice the size in the usual 
photography mode. 

In this case, when four pixels are added with 1/2 
of the exposure amount, twice the usual image signals 
(1/2 X 4 = 2) are outputted from the image pickup 
device. Here, since VrefP of the A/D converter 303 is 
set to be double the voltage of the usual mode, the 
image signal is A/D converted without being clipped 
(more accurately at the same clip level as the usual 
level) by the A/D converter 303. That is, even when 
four pixels are added, the added pixel signal can be 
prevented from being clipped by the A/D converter 303, 
and image quality deterioration can be prevented. 

Moreover, the exposure amount is 1/2 (1/N) and the 
number of pixels to be added is 4 in the above 



description, but other arbitrary settings may be used. 
For example, when the exposure control target value is 
the same as the usual value (once) , the signal level 
becomes fourfold, and VrefP is therefore set to be 
fourfold as compared with the usual photography mode. 
The relation is shown in the following Table 1. 



Table 1 



Addition of 
4 pixels 


Exposure target 
level 


VrefP 


N 


1 


1 


Y 


1/2 


2 


Y 


1 


4 



Moreover, the relation for the addition (addition 
of two pixels) only of the vertical direction may be 
set as shown in the following Table 2. 

Table 2 



Addition of 
2 pixels 


Exposure target 
level 


VrefP 


N 


1 


1 


Y 


1/2 


1 


Y 


1 


2 



Also in the addition of two pixels only of the 
vertical direction, (digital) addition averaging 
operation of horizontal two pixels (digital) is 
performed in the beginning of a digital signal 
processing after the AD conversion, and the addition of 



four pixels can comprehensively be realized. 

Here, any addition is regarded as the 
comprehensive four pixels addition. A difference 
between two types of imaging will supplementally be 
described for two exposure target levels (1/2 and 1) 
during the pixel addition in Table 1 or 2 . The target 
level of 1/2 corresponds to the imaging with the 
enhanced double sensitivity while an SN and saturation 
level equal to those of a non-addition time are secured 
as described above. Moreover, the target level of 1 
corresponds to the imaging with the enhanced double SN 
(6 dB) and at the same sensitivity and saturation 
levels as those of the non-addition time. 

As described above, according to the present 
embodiment, the reference voltage VrefP in the A/D 
converter is varied in accordance with the number of 
added pixels in the addition photography mode, the 
quantized maximum level is variably set, and the pixels 
are added by the analog addition system. Even in this 
case, since the A/D input voltage exceeds the A/D 
quantized maximum voltage, a problem of clipped signal 
can be solved. Therefore, the image quality 
deterioration because of the clip in the A/D converter 
is prevented, while the photography with the enhanced 
sensitivity by the pixel information addition of the 
analog addition system can be realized. 

Additionally, the present invention is not limited 



to the aforementioned embodiment. The CCD is used as 
the image pickup device in the embodiment, but the 
device is not limited to the CCD, and charge transfer 
devices (CTD) including BBD, CID, and the like can also 
be applied. Furthermore, the number of added pixels is 
not limited to four or two, and can appropriately be 
changed in accordance with the specification. 

Moreover, "the quantized maximum level in the A/D 
converting means for quantizing the image signal read 
from the image pickup device" is referred to by noting 
a relative quantized level with respect to the image 
signal outputted from the image pickup device. 
Therefore, means for variably setting the level may be 
other than means for variably setting the reference 
voltage of the A/D converter according to the 
embodiment. Arbitrary means may be used, such as a 
constitution in which an amplifier or attenuator is 
disposed before the image signal outputted from the 
image pickup device is inputted to the A/D converter, 
and an amplification or attenuation factor is variably 
set . 

Furthermore, an example of monochromatic imaging 
apparatus has been described in the embodiment, but the 
present invention can also be applied to a color 
imaging apparatus. Furthermore, needless to say, the 
present invention can be applied not only to the 
digital still camera but also to arbitrary imaging 



apparatuses including a movie camera. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore 
the invention in its broader aspects is not limited t 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



WHAT IS CLAIMED IS: 

1. An imaging apparatus for photographing a 
sub j ect , comprising : 

an image pickup device for receiving light rays 
transmitted from the photographic subject, a 
photographic subject image being formed on the image 
pickup device, and the image being converted to an 
original image signals- 
designating means for designating one of a first 
gradation mode and a second gradation mode; 

converting means for converting the original image 
signal from said image pickup device to an output image 
signal in accordance with the designated mode, said 
output image signal having a first gradation in the 
designation of the first gradation mode, and a second 
gradation in the designation of the second gradation 
mode; and 

adjusting means for adjusting a level of the 
original image signal inputted to said converting means 
in accordance with the designated mode, and maintaining 
an average level of the output image signal outputted 
from said converting means at a substantially constant 
level even in the designation of said first and second 
gradation modes . 

2. The apparatus according to claim 1, wherein 
said adjusting means comprises: 

amplifying means for amplifying the original image 



signal outputted from said image pickup device with one 
of adjustable gains; and 

setting means for setting the one of gains in 
accordance with the designated mode. 

3. The apparatus according to claim 1, wherein 
said adjusting means comprises: 

controlling means for controlling an exposure 
amount of the photographic subject image formed on said 
image pickup device in accordance with the designated 
mode . 

4. The apparatus according to claim 3, further 
comprising setting means for setting one of first and 
second exposure control target values in accordance 
with the designated mode. 

5. The apparatus according to claim 3, wherein 
said controlling means comprises: 

means for analyzing the output image signal 
outputted from said gradation converting means, 
calculating a photometric value for exposure control, 
and setting one of first and second exposure control 
target values in accordance with the photometric value 
and the designated mode. 

6. The apparatus according to claim 1, wherein 
said designating means designates one of the first and 
second gradation modes and a third gradation mode, 

said converting means converts the original image 
signal to the output image signal having a third 



gradation in the designation of the third gradation 
mode, and 

said adjusting means maintains an average level of 
the output image signal outputted from said converting 
means at a substantially constant level even in the 
designation of said first, second and third gradation 
modes . 

7. The apparatus according to claim 1, wherein 
said converting means converts the original image 
signal to the output image signal in accordance with a 
first gradation property curve for defining the first 
gradation and a second gradation property curve for 
defining the second gradation. 

8. The apparatus according to claim 7, wherein 
said first and second gradation property curves 
intersect each other at a certain target value, and the 
target value substantially corresponds to an average 
output level of the output image signal. 

9. The apparatus according to claim 7, wherein 
said first and second gradation property curves are 
applied to a relation of the output image signal in a 
predetermined level range with respect to an input of 
the original image signal. 

10. An imaging apparatus for photographing a 
photographic subject, comprising: 

an image pickup device for receiving light rays 
transferred from the subject, a photographic subject 



image being formed on the image pickup device, and the 
image being converted to an original image signals- 
designating means for designating one of first and 
second gradation modest- 
converting means for converting the original image 
signal from said image pickup device to an output image 
signal in accordance with the designated mode, said 
output image signal having a first gradation in 
accordance with a first gradation curve in the 
designation of the first gradation mode, and a second 
gradation in accordance with a second gradation curve 
in the designation of the second gradation mode; and 

adjusting means for adjusting a level of the 
original image signal inputted to said converting means 
in accordance with the designated mode, and maintaining 
an average level of the output image signal outputted 
from said converting means at a substantially constant 
level; 

wherein said first and second gradation property 
curves intersect each other at a certain target value, 
and the target value substantially corresponds to the 
average output level of the output image signal. 

11. The apparatus according to claim 10, wherein 
the intersection of said property curves is determined 
to correspond to 18 to 20% of a maximum signal level in 
a value on an input side of a gradation converting 
property. 



12. The apparatus according to claim 10, wherein 
at least one of said first and second gradation 
property curves has a knee property in which a knee 
point is set in a region having a signal value larger 
than the signal value of the intersection of said 
property curves. 

13. An imaging apparatus for photographing a 
photographic subject, comprising: 

an image pickup device for receiving light rays 
transferred from the subject, a photographic subject 
image being formed on the image pickup device, and the 
image being converted to an original image signals- 
designating means for designating one of first, 
second and third gradation modes; and 

converting means for converting the original image 
signal from said image pickup device to an output image 
signal in accordance with the designated mode, said 
output image signal having a first gradation in 
accordance with a first gradation curve in the 
designation of the first gradation mode, a second 
gradation in accordance with a second gradation curve 
in the designation of the second gradation mode, and a 
third gradation in accordance with a third gradation 
curve in the designation of the third gradation mode; 

wherein said first, second and third gradation 
property curves intersect one another at a 
substantially same point. 



14. The apparatus according to claim 13, wherein 
an intersection of said property curves is determined 
to correspond to 18 to 20% of a maximum signal level in 
a value on an input side of a gradation converting 
property . 

15. The apparatus according to claim 13, wherein 
at least one of said first, second, and third gradation 
property curves has a knee property in which a knee 
point is set in a region having a signal value larger 
than the signal value of the intersection of said 
property curves. 

16. An imaging method of photographing a subject, 
comprising : 

an image pickup step of receiving light rays 
transmitted from the photographic subject, a 
photographic subject image being formed, and the image 
being converted to an original image signals- 
designating step of designating one of a first 
gradation mode and a second gradation mode; 

converting step of converting the original image 
signal to an output image signal in accordance with the 
designated mode, said output image signal having a 
first gradation in the designation of the first 
gradation mode, and a second gradation in the 
designation of the second gradation mode; and 

adjusting step of adjusting a level of the 
original image signal in said converting step in 



accordance with the designated mode;, and maintaining an 
average level of the output image signal in said 
converting step at a substantially constant level even 
in the designation of said first and second gradation 
modes . 

17- The imaging method according to claim 16, 
wherein said adjusting step comprises: 

controlling step of controlling an exposure amount 
of the photographic subject image in accordance with 
the designated mode. 

18. The imaging method according to claim 16, 
wherein in said converting step, the original image 
signal is converted to the output image signal in 
accordance with a first gradation property curve for 
defining the first gradation and a second gradation 
property curve for defining the second gradation. 

19. The imaging method according to claim 18, 
wherein said first and second gradation property curves 
intersect each other at a certain target value, and the 
target value substantially corresponds to an average 
output level of the output image signal. 

20. An imaging method for photographing a 
photographic subject, comprising: 

an imaging step of receiving light rays from the 
photographic subject, forming a photographic subject 
image, and converting the image to an original image 
signal ; 
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a designating step of designating one of a first 
gradation mode and a second gradation mode; 

a converting step of converting said original 
image signal to an output image signal in accordance 
with the designation of one mode in the designating 
step, said output image signal having a first gradation 
in accordance with a first gradation curve in the 
designation of the first gradation mode, and a second 
gradation in accordance with a third gradation curve in 
the designation of the second gradation mode; and 

an adjusting step of adjusting a level of the 
original image signal inputted to said converting step 
in accordance with the designation of one mode by said 
designating step, and maintaining an average level of 
the output image signal outputted from said converting 
step at a substantially constant level; 

wherein said first and second gradation property 
curves intersect each other at a certain target value, 
and the target value substantially corresponds to the 
average output level of the output image signal. 

21. The imaging method according to claim 20, 
wherein the intersection of said property curves is 
determined to correspond to 18 to 20% of a maximum 
signal level in a value on an input side of a gradation 
converting property . 

22. The imaging method according to claim 20, 
wherein at least one of said first and second gradation 



property curves has a knee property in which a knee 
point is set in a region having a signal value larger 
than the signal value of the intersection of said 
property curves. 

23. An imaging method for photographing a 
photographic subject^ comprising: 

an imaging step of receiving light rays from the 
photographic subject, forming a photographic subject 
image, and converting the image to an original image 
signal; 

a designating step of designating one of a first, 
second and third gradation modes; and 

a converting step of converting said original 
image signal to an output image signal in accordance 
with the designation of one mode in the designating 
step, said output image signal having a first gradation 
in accordance with a first gradation curve in the 
designation of the first gradation mode, a second 
gradation in accordance with a second gradation curve 
in the designation of the second gradation mode, and a 
third gradation in accordance with a third gradation 
curve in the designation of the third gradation mode; 

wherein said first, second and third gradation 
property curves intersect one another at a 
substantially same point. 

24. The imaging method according to claim 23, 
wherein an intersection of said property curves is 
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determined to correspond to 18 to 20% of a maximum 
signal level in a value on an input side of a gradation 
converting property. 

25. The imaging method according to claim 23, 
wherein at least one of said first, second, and third 
gradation property curves has a knee property in which 
a knee point is set in a region having a signal value 
larger than the signal value of the intersection of 
said property curves. 

26. An imaging apparatus, comprising: 

image pickup device including a plurality of pixel 
elements arranged in a matrix arrays and a charge 
transfer path of interline type, a image of the 
subject being formed on said image pickup device and 
change being generated in the pixel elements; 

driving means for driving said image pickup device 
to readout the pixels as a image signal from said image 
pickup device, said driving means setting a addition 
mode in which the pixels are added and the added pixels 
are readout as the image signal; 

analogue to digital converter for quantizing the 
image signal to output a quantized image signal; and 

quantizing level setting means for setting a 
maximum quantizing level in the analogue to digital 
converter, which is changed in accordance with the 
addition number of the pixels. 

27. The imaging apparatus according to claim 26, 
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further comprising controlling means for controlling an 
exposure of the image on said image pickup device, said 
controlling means setting a target value of the 
exposure, and wherein said quantizing level setting 
means set a maximum quantizing level in accordance of 
the target value of the exposure in addition to the 
addition number of the pixels. 

28. The imaging apparatus according to claim 26, 
further comprising an amplifier, connected to said 
horizontal transfer line, for amplifying the imaging 
signal, and wherein said charge transfer path of 
interline type includes a plurality of vertical 
transfer lines which are arranged along the arrays of 
the pixel elements in a vertical direction, 
respectively, and a horizontal transfer line arranged 
at one side of the vertical transfer lines in a lateral 
direction, said driving means causing said image pickup 
device so as to add the adjacent pixels generated from 
the vertical transfer lines in the horizontal transfer 
line, and the adjacent pixels transferred from the 
horizontal transfer line are added in said amplifier. 
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ABSTRACT OF THE DISCLOSURE 
A digital camera which can change gradation 
properties comprises a CCD image pickup element 105 for 
photographing a subject, an exposure control mechanism 
103 for controlling an exposure on the image pickup 
element 105, a digital processing circuit 108 including 
a gradation converting circuit for being capable of 
generating image signals having different gradation 
properties (gamma properties) based on the output 
signal from the image pickup element 105, and a system 
controller 112 including a selecting circuit for 
selecting one of the different gradation properties, 
which is used in the gradation converting circuit. In 
the digital camera, to suppress the change of a 
sensitivity (output level) due to the a change of the 
gradation property, the exposure control mechanism 103 
changes a control target value to control the exposure 
in accordance with the selected gamma value so that the 
output level is maintained at constant in the average 
exposure . 



